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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


THE LONGITUDINAL CHARACTERTSTICS AT MACH NUMBERS 
UP TO 0.9 OF А WING-FUSELAGE-FATI. COMBINATION 
HAVING A WING WITH 309 OF SWEEPBACK AND 
AN ASPECT RATIO OF 10 


By Bruce E, Tinling 
SUMMARY 


An investigation has been conducted to evaluate the effects of an 
all-movable horizontal tail on the longitudinal characteristics of a 
gwept—back wing and а fuselage of a type suitable for long-range high— 
speed airplanes, The wing, which was cambered and twisted, had an 
aspect ratio of 10, a taper ratio of О.Н, and 40° of sweepback. The 
all-movable horizontai tail had an aspect ratio of 4.5, a taper ratio 
of 0.4, and 40° of sweepback,  Winü—tunnel tests were conducted at 
Reynolds numbers of 2,000,000 and 8,000,000 at low speed and at Маси. 
numbers from 0.25 to 0.90 at а Reynolds number of 2,000,000. 


It was found that a large reduction of the longitudinal stability 
of the wing—fuselage—tail combination occurred at lift coefficients 
well below the stall. Analysis of the low-speed results indicated that 
this reduction of longitudinal stability was caused primarily by 
decreases in the longitudinal stability of the wing—fuselage conbina— 
tion. The use of four fences resulted in nearly constant longitudinal 
stability of the wing—fuselage—tail combination up to the stall at low 
speeds, and for lift coefficients up to about 0.7 at Mach nunibers 
from 0.6 to 0.9. The all-—movable horizontal tail provided nearly con— 
stent control effectiveness throughout the lift гапре at-each-Mach 
number. 
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INTRODUCTION 


The aerodynamic problems associated with a configuration considered 
suitable for long-range airplanes to fly at high subsonic speeds have 
been the subject of an investigation in the Ames 12—foot pressure wind 
tunnel. The longitudinal characteristics of а high-aspect—ratio swept 
wing in combination with & fuselage of high fineness ratio have been 
presented in reference 1. The present paper is concerned primarily with 
the effects of ап all-movable horizontal tail on the longitudinal char— 
acteristics of this wing—fuselage combination. 


The results of reference 1 indicate that the pitching-moment char— 
acteristics of the wing, which Ней ЛОО of sweepback and an aspect ratio 
of 10, were considerably improved by the use of fences. The initial 
tests during the present phase of the investigation were therefore 
directed toward determining whether fences are necessary for the attain— 
ment of satisfactory tail—on pitching-moment characteristics. A limited 
number of tests were also conducted to determine the effects of tail 
height. A series of tests with four fences on the wing was conducted 
for several tail incidences to evaluate the longitudinal characteristics 
of this configuration and the control effectiveness of the all—movable 
horizontal tail. These tests were conducted at Mach numbers of 0.165 
and 0,25 at а Reynolds number of 8,000,000 and at Mach numbers from 0.25 
to 0.90 at a Reynolds number of 2,000,000. The lift and pitching—moment 
of the isolated horizontal tail were algo measured over this Mach number 
and Reynolds number range, 


NOTATION 


Symbols and Parameters 


а mean line designation, fraction of chord over which design load 
is uniform 


Б wing semispan perpendicular to the plane of symmetry 
Ст , drag coefficient E 2) 
Ст, lift coefficient (ашы) 

qs 
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C 


c! 


ат 


pitching-moment coefficient about the quarter point of the mean 


Aaroa ic ehori GL —— 
абс 
(бее fig. 1(а) for location of wing moment center with respect 
to the fuselage. } 
local chord parallel to the plane of symmetry 


local chord normal to the reference sweep line 


average chord ( 25 ) 


mean aerodynamic chord SUIS 


section lift coefficient 
design section lift coefflcient 


incidence of the horizontal tail with respect to the wing root 
chord 


tail length, distance between the quarter points of the mean 
aerodynamic chords of the wing and the horizontal tail 


free—stream Mach nunber 

free—stream dynamic pressure 

Reynolds number, based on the wing mean aerodynamic chord 
area, of semispan wing or horizontal tail 

section maximum thickness 

lateral distance from the piane of symmetry 


angie of attack of the wing chord at the plane of symmetry 
(referred to herein ав the wing root chord) 


effective average downwash angle 


angle of twist, positive for washin, measured in planes parallel 
to the plane of symmetry 


tnr 
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95 tail—control effectiveness parameter, measured for & given angle 
914 of attack 


T) X) tail—efficiency factor 
q (Ratio of the lift—curve slope of the horizontal tail when 
mounted on the fuselage in the flow field of the wing to the 
lift—curve slope of the isolated horizontal tail.) 


Subscripts 


t horizontal tail 
W wing 


w+f wing-fuselage combination 
MODEL 


The geometry of the model tested during the investigation is shown 
in figures l(a), 1(b), and 1(с) and in table I. The selection of geo , 
metric properties and construction of the wing, fuselage, and upper— V 
surface fences have been discussed in detall in reference 1. 


The all—movable horizontal tail had an aspect ratio of 4.5, а 
taper ratio of 0.4, and НОО of sweepback. The reference sweep line 
was the line Joining the quarter-chord points of the НАСА 0010 sections 
which were inclined НОО to the plane of symmetry. The horizontal tall 
had no dihedral and its hinge axis (53.4 percent of the tail root 
chord) was not swept. The hinge axis was either at the intersection of 
the fuselage center line and the plane of the wing root chord and lead— 
ing edge or 5 percent of the wing semispan above this intersection. 
The area.of the horizontal tail was 20 percent of the wing area and the 
tail length was 3.25 6, resulting in а tall volume of 0.65. 


A photograph of the model mounted in the wind tunnel is shown in 
figure 2, The turntable upon which the model was mounted is directly 
connected to the balance system. 
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CORRECTIONS TO DATA 


The data have been corrected for constriction effects due to the 
presence of the tunnel walls, for tumnel—wall interference effect orig- 
inating from lift on the wing, and for drag tares caused by the serody— 
namic forces on the exposed portion of the turntable upon which the 
model was mounted. The constriction and tunnel—-wall interference cor— 
rections to the data obtained from tests of the isolated horizontal tail 
were found to be negligible. 


The dynamic pressure was corrected for constriction effects due ta 
the presence of the tunnel walle by the methods of reference 2. These 
corrections were not modified to allow for the effects of sweep. These 
corrections and the corresponding corrections to the Mach number are 
listed in the following table: 


Corrected | Uncorrected | “corrected 
Mach number] Mach number | uncorrected 






Measurements of the static pressure on the tunnel wall during the tests 
at high angles of attack at а Mach number of 0.90 indicated a local Mach 
number greater than 1.0. Data points obtained under these conditions 
have been faired with a dotted line since the wind tunnel may have been 
partially choked. 


Corrections for the effects of timmnel—wall interference originating 
from the lift on the wing were calculated by the method of reference 3. 
The corrections to the angle of attack and to the drag coefficient 
showed insignificant variations with Mach number. The corrections added 
to the data were as follows: 

0.377 CL, 


Ac 
АСр = 0.0059 Cy, 2 


The correction to the pitching-moment coefficient and to the downwash 
angle had significant variations with Mach number. The following соггес-- 
tions were added to the pitching—moment coefficients: 


* 


Qs, 
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Ат = K:Cr, (Tail off) 


ac 
ACm = Kir — | (Ae - №) —R | (Tail on) 
93 
where Ле = Қал, 
The values of ӘСд/дір меге obtained from the test results. The values 
of Кі and Kp for each Mach number calculated by the method of refer— 
ence 3 are given in the following table: 





Since the turntable upon which the model was mounted was directly 


connected to the balance system, a tare correction to the drag was 
necessary. This correction was determined by multiplying the drag force 
on the turntable, as determined from tests with the model removed from 
the wind tunnel, by the fraction of the turntable not covered by the 
model fuselage. The following corrections were subtracted from the msas— 


ured drag coefficients: 





No attempt has been made to evaluate tares due to interference 
between the model and the turntable or to compensate for the tunnel—floor 
boundary layer which, at the turntable, had a displacement thickness of 


one—half inch. 


НАСА RM 4527119 quests, f 


RESULIS AND DISCUSSION 


Effect of Wing Fences 


The data of reference 1 have shown that the pitching-moment char— 
acteristics of the wing—fuselage combination can be improved through 
the use of fences. As would be expected, the fences caused a similar 
improvement in the pitching-moment characteristics of the wing— 
fuselage—tail combination. (See fig. 3.) These data show that large 
reductions of static longitudinal stability at lift coefficients less 
than that for the stall were avoided through the use of four fences on 
the wing. 


The pitching-moment contribution of the horizontal tall was not 
changed significantly by the addition of the wing fences, as may be 
seen from figure Н, This indicates that the addition of wing fences 
caused little or no change in either the average effective downwash 
angie or the tail efficiency factor. The improvement of ths tail—on 
pitching-moment characteristics caused by fences, therefore, was prima- 
rily due to improvements of the longitudinal characteristics of the 
wing—fuselage combination. 


Effect of Tail Height 


The effect of increasing the tail height 0.05 5/2 is shown in 
figure 5. These data are for the three—fence configuration. (See 
fig. 1(c).) The change in taii height had no significant effect on the 
large changes in stability which occurred in the upper lift—coefficient 
range at the higher Mach numbers. At lower lift coefficients, the longi— 
tudinal stability and lift coefficient for balance were somewhat greater 
for the higher tail position. Both these effects may have been caused 
by an improvement in the tail efficiency factor "(а-/а) resulting 
from moving the tail from the fuselage center line to a position above 


the fuselage, 


Longitudinal Characteristics of the Model 
With Four Wing Fences 


The effectiveness of the horizontal tail, both as а stabilizer and 
as a longitudinal control when mounted in the plane of the wing root 
chord and leading edge, was evaluated from data obtained with four 
fences on the wing. (See fig, 1(с).) The aerodynamic characteristics 
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of this configuration at a Reynolds number of 8,000,000 and a Mach 
number of 0.165 (125 miles per hour at sea level) for a tail incidence 
of -ЦО are presented in figure 6. The longitudinal stability under 
these conditions is indicated to be constant up to а lift coefficient 

of about 1.5 (а = 200). It was not possible to attain maximum lift at 
this Mach number due to the sngle—of—attack limitation with the fuselage 
lnstalled. The stall is believed to have been imminent, however, since 
the results from reference 1 show that the wing alone stalled at an 
angle of attack of 21°. 


Lift, drag, and pitching—moment data for several tail incidences 
are shown in figure Т. At a Mach number of 0.25 and a Reynolds number 
of 8,000,000 (fig. Т(а)), the variation of pitching moment with lift 
was nearly linear and the control effectiveness ОСАа/914 was about 
-0.030 at lift coefficients up to the stall. It can be noted from 
figure 7(a) that the pitching-moment curves are more nearly linear with 
tbe tail on than with the tail off, the tail—off stability decreasing 
with increasing lift, The comparatively constant tail—on stability 
results from an increase with increasing lift coefficient of the stabil— 
ity contribution of the horizontal tail. .This contribution, 1f the 
increment in the lift—curve slope due to the horizontal tail is neglected, 
is proportional to 


(аст/бо:) | Е =) (1 — е 

(абу /да.) „уе q да, 
Calculations to evaluate the average effective downwash angle and the 
tail efficiency factor were made using the force data of figure 7 and 
the isolated tail data of figure 8. These calculations were performed 
in the same manner as in reference h, In choosing the lift—curve slope 
of the isolated horizontal tail used in calculating (а/а) ; it мав 
assumed that the Mach number at the tail was the same ав the free— 
stream Mach number. The results of the calculations for & Mach number 
of 0.25 and a Reynolds number of 8,000,000 indicate nearly constant 
values of the tail efficiency factor (а/а) and of the rate of 
change of effective downwash with angle of attack de/da up to a lift 
coefficient of 1.0. (See fig. 9.) The factor 


(ac; /ао,)., 
Lori lows 


however, increases at the higher lift coefficients in a manner which 
compensates for the reduction of the stability of the wing-fuselage . 
combination. This compensating effect is not mere coincidence, since, 


| — 


25 
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on a swept wing, a reduction of lift—curve slope usually occurs 
simultaneously with a reduction of longitudinal stability. 


The data for Mach numbers from 0.60 to 0.90 (figs. T(c) to Т(?)) 
indicate nearly constant longitudinal stability and control effective— 
ness up to a lift coefficient of about 0.7 at each Mach number. At 
&pproximately this lift coefficient, the longitudinal stability decreased 
for a small range of lift coefficients and then increased with further 
increase in lift coefficient. This increase in tail—on stability is 
opposite that which occurs with the tail off. The data of figure 10 
show that this effect is due primarily to а large increase in the ratio 


(аст,/дес) |. 


Ав in the low-speed case, the increase was caused by a reduction in 
wing lift—curve slope which accompanied a reduction in the stability of 
the wing—fuselage combination. 


The effect of Mach number on the tail control—effectiveness param— 
eter dC n/d and the tail—on pitching-moment—curve slope ac,,/aCy. 
at a lift coefficient of 0.4 is presented in figure 11. From these 
data it may be seen that the control effectiveness increased about 
IT percent between Mach numbers of 0.25 and 0.90. Within the same 
Mach number range, the pitching-moment—curve slope varied about 0.06. 
Ihe variation with Mach number of the factors contributing to the con— 
trol effectiveness and to the tail—on pitching-moment—curve slope has 
also been included in figure 11. 


Estimation of Average Effective Downwash 


The effective downwash angles in the plane of the wing root chord 
and leading edge evalusted from the test results are presented as a 
function of angle of attack in figure 12, The theoretical variation of 
downwash with angle of attack in this plane and the position of the cen— 
ter of the wake were calculated by the method of reference 5. The varia— 
tion of loading, as well as the variation of downwssh angle, across the 
span of the horizontal tail was taken into account when calculating the 
average effective downwash, The results of these calculations are pre— 
sented in figures 13 and 1h. In applying the method of reference 5, it 
was found that the calculated downwash was sensitive to small changes in 
tbe wing loading, especially near the plane of symmetry. Тһе theoreti— 
cal loading and lifit—curve slope were calculated by the modified 
Falkner 19Х1 method which, as indicated in reference 6, ylelds accurate 


ЖИЕЕТТТПЕНТТІП 
а с „ y 
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results for swept-back wings of high aspect ratio. Account was taken 
of the effect of the fuselage on the Loading according to the method 
outlined in reference T. It was also necessary to account for the 
effects of wing incidence with respect to the fuselage. This was 
accomplished by assuming an altered twist distribution near the root 
section such that the chord at the plane of symmetry had an angle of 
attack equal to that of the fuselage center line. The results of these 
calculations are compared with unpublished experimental loadings for 
Mach numbers of 0.25 and 0.80 in figure 15. Both the theoretical and 
the experimental loadings were used in obtaining the theoretical down- 
wash by the method of reference 5. The accuracy of this method in pre- 
dicting downwash for this wing may be ascertained from the following 
table: 












de/da, measured at a=0 
| Theoretical — Theoretical — 
Experiment |imeoretical loading | Experimental loading 
0.18 0.30 0.26 
. 28 221 ef 


From these data it may be seen that the theoretical method overestimates 
the average effective downwash by а considerable amount. As а consequence, 
the stability contribution of the horizontal tail, which is dependent 
upon 1 -де/да, would be underestimated Бу ав much ав 15 percent if the 
theoretical values of де/до: were used. Аз noted previously, the theo- 
retical values of downwash were found to be sensitive to small changes 
in wing loading, especially near the plane of symmetry. For example, 
the theoretical loading at 15 percent of the semispan at а Mach number 
of 0.25 differed from the experimental loading by only 4 percent, yet 
the values of downwash calculated for the two loadings differed by about 
14 percent. 


CONCLUDING REMARKS 


The results of wind-tunnel tests to evaluate the longitudinal char- 
acteristics of а wing-fuselage-tail combination suitable for a long-range 
airplane to fly at high subsonic speeds have been presented. The wing 
had 40° of sweepback and an aspect ratio of 10. The all-movable hori- 
zontal tail had 40° of sweepback and an aspect ratio of 4.5. 


The results of this investigation indicate that at a low Mach number, 
corresponding to a speed of 125 miles per hour at sea level, the static 
Longitudinal stability of the wing use lag oll combination with four 


i Ee 
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wing fences was nearly constant up to а lift coefficient of 1.5. For а 
given Mach number in the range from 0.6 to 0.9, the static longitudinal 
stability was nearly constant for Lift coefficients up to about 0.7. At 
а lift coefficient of 0.1, the variation of pitching-moment-curve alope 
between Mach numbers of 0.25 and 0.90 was about 0.06. The all-movable 
horizontal tail provided nearly constant contro. effectiveness throughout 
the lift range for a given Mach number, and its effectiveness increased 
by about 17 percent in the Mach number range from 0.25 to 0.90. 


Without fences, there were large reductions in the longitudinal 
stability of the wing-fuselage-tail combination in the high-lift range. 
These reductions were caused primarily by changes in the static longi- 
tudinal stability of the wing-fuselage combination. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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TABLE I.— GEOMETRICAL PROPERTIES OF THE MODEL 


Wing (Reference sweep line: Locus of quarter chords of 
sections inclined НОО to plane of symmetry) 


Aspect ratio ° ° Ф е е е ° i е е е a ә ә е е ° е °” - а * L е a 10. О 
Taper ratio е ә я а а - е = е е ° - е е е е a * ә е * е a ә О. 
Sweepback - е ә а = е е е е е е е ° е а е е Ф е 409 
Twist (washout at ыр). SG. OR o з-й; ШЖ 26% 5 
Reference sections ormai tá reference Bee ‘1ine 
( p ne) رر‎ LL 
КОСЕ Q 567 SO X QA S ите ж dn деи ой Муй на NACA QOL; ger ^ (modified) 
LE = О. 
ID: ы салма. qd. m Ла ж ый — и 8 (modified) 
Cz = O. 1 


Area (semispan model) ................. 6.9hk ft? 
Mean asrodynamic chord е e L4 s a в - a ... е а е е е Li е 1.2951 Pt 


Horizontal tail (Reference sweep line: Locus of quarter chords 
of sections inclined 40° to plane of symmetry) 


ДӘРЕСЕ 4 s 2. 555» wi ver eee Jm SK DR. жоошу Se жоё Ae HX 15 
Таре ато ыссы езе жылы БЕЛЕ EL ee ш. бил. ыы 0.8 
Sweepback а м TE чи > ЖОЕ а ш сла ж Ойга. 409 
Reference sections 7................... НАСА 0010 
Tail length, LL S Sak s s s s ə e < ç s s a s s e ам e ва 3.2200 
Area, (semispan model) ................. .1.387 £t? 
Mean aerodynamic chord . . . ə ə . . e è s < s < = K e . 0.833 РЬ 
Tail volume, 24/3 (St/Sy) о шой “Алады NÉ рис, Ый. 0.65 


Tail heights (measured from the intersection of the 
fuselage center line and the plane of the wing root chord 
end leading edge) ................ .0 or 0.05 v/e 


“NACA 


1% е МАСА RM А52119 ` 


TABLE I.— CONCLUDED 


Fuselage 


Fineness ratio 
Fuselage coordinates: 


Distance from Radius, 
nose, inches inches 


© 


° * ен 
MN O 
UI] + 


ој № ООООООООӘ >Ü) Q) 


2 
3 
h 
h 
2 
2 
2 
D. 
д 
Ц 
hH 
Ц 
3e 
3 
0 





SEA 









All dimensions in inches unless otherwise specified 


Airfoil sections, fuselage coordinates, and values: | 
of pertinent geometric parameters are given in 
fable Г. | 
w 


707/ 


40° 


39q4—— J. |N Amani center > di 
40° 





(0) Dimensions. 
Figure /- Geometry of the model. 
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(b) Distribution of twist and thickness ratio . 


Fraction of semispan 
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Figure 1. — Continued. 
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Extended 









Configuration Type and location 
Three fences | Small at % = 0,33, 0.50, and, 075 
Four 


fences | Small at Е -033 
Extended а? e = 050,070, and 085 








(c) Fence details. 
Figure /.- Concluded. 
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Figure 2.— Photograph of the model mounted in the wind tunnel. 
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Pitching-moment coefficient, Gn 
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Angle of attack, а, deg 


(a) М=0,25, R=8,000,000, 


Figure 3- The effect of fences on the ИН, drag, and pitching-moment coefficients. iy 2-4 . 
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Figure 
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Figure 3- Concluded. 
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Figure 10.- The variation with lift coefficient of the factors affecting the 
stability contribution of the horizontal fail for two Moch numbers. 
R= 2,000,000. 


NACA зм ASETIO «Жеміске? 5 





-4 
БЕБЕ 

ГЕТЕ оса Ир 
SE en => 

















ee ИЕ 
TIVIR 
И Кариа Ae 1 

NS ти ШЕ 









ү ү] | 
AASA | | | سه‎ 


./ 2 .2 4 2 .6 г 8 .9 40 
Mach number, М 


Figure //.— The variations with Mach number of the ғай control effec- 
tiveness, the static longitudinal stability, and the factors contributing 
Jo the static longitudinal stability. Cj2O4, + 2,000,000 


ILE 


МАСА ЕМ 4521719 





38 





« for M=0.25, R=8,000,000 


Effective downwash angle, e, deg 


Angle of attack, e, deg 


Figure /2.— The variation with angle of attack of the effective down- 
wash angle in fhe plane of fhe root chord and leading edge as 
evaluated from the force data. 
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